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1. Introduction
Brain tumour is known as the most fatal types of cancers that can cause disabilities and death. Every year more
than 9,000 people in the United Kingdom (UK) were diagnosed with primary brain tumours of which half are
cancerous. Meanwhile, an estimated 700,000 people in the United States are suspected of having brain tumours of
whom 86,000 were diagnosed in 2019. As to how much it affects the people in the UK and US, an increased trend
occurrence of the brain tumours is also demonstrated in Malaysia, therefore it is currently mandatory for the expansion
of research in investigation and treatment of brain tumours. A.Wright [1], has demonstrated the recent technologies of
brain scanning techniques including Computerized tomography (CT), Magnetic resonance imaging (MRI), Functional
magnetic resonance imaging (fMRI), Positron emission tomography (PET), Single-photon emission computed
tomography (SPECT), Diffusion tensor imaging (DTI) and Diffuse optical tomography (DOT) and they all have
limitations. CT and MRI are currently the most commonly used diagnostic tools for brain tumour detection. Whilst
these two detection methods are very well established, both systems require expensive treatment, time and space
consumption, and may cause safety issues to patients due to radiation and strong magnetic effects. Research had been
done by [2], [3] and [4] to establish results relating to the ability of dielectric properties that contributes in
distinguishing property in human head phantom demonstrated via either fabrication of an anatomy or realistic head
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phantom. Based on [3] and [4], the range of frequency for operation of the head phantom is between 0.5 to 4 GHz. The
result of image reconstruction has also been successfully obtained by other research [2] through the frequency range of
0.5 GHz to 2GHz by using a circular object which represents the head.
In such a framework, the feasibility of MWT for neuroimaging and evaluation of perfusion-related injuries within
the brain has been demonstrated in the detection of brain stroke injury [5],[6],[7],[8],[9]. MWT has a potential
application for fast imaging technique and its development is fast gaining popularity, due to its capability as non-
invasive real-time, safe, portable, and cost-efficient tissue viability monitoring. For detecting brain tumour via
application of MWT, it requires a calculation technique which consists of forward scattering and inverse scattering
problem. The finite Element Method (FEM) is preferred as the best numerical method to solve forward problem model
in the frequency domain among several numerical methods [10]. The study highlighted the possibility of employing
future head imaging development through an efficient image reconstruction algorithm that depends on the scattered
electric field data obtained from a 2D simulation setup. The MWT showed the feasibility as a new imaging technique
for brain disease such as brain stroke [5],[6],[11],[12],[13],[14], and brain injury detection [1],[15]. Thus, this
presentation of MWT feasibility towards brain disease presents an opportunity for brain tumour detection which
harness as tumour tissue characteristic. The major advantage of microwave-based tomography is that they can give
good contrast between higher and lower permittivity substance other than being non-intrusive, non-invasive, non-
radiation and low cost.
This research proposes a microwave tomography system based on the electromagnetic inverse scattering method
measuring at microwave frequency, as an alternative to CT and MRI. This study aims to investigate the feasibility of
microwave tomography to determine complex permittivity distribution from the scattered electromagnetic field around
the periphery of the substance at different angles, thus creating multiple views of the brain tumours A range of
frequencies spanning from 0.5 GHz to 1.5 GHz will be used to determine the best frequency that constructs the best
image quality that represents the real phantom. This study will apply the software COMSOL Multiphysics to develop a
2D modelling of an antenna array and measure the scattered electric field by solving forward problem. MATLAB
software will be used as a platform to reconstruct 2D images by using Linear Back Projection (LBP) algorithm.
2. Materials and Methodology
This research work begins with the literature review to find gaps and as well as to understand previous work and
currently available technologies. From the literature review, the best potential specifications were determined to make it
works on the application. The modelling of the sensor will be developed in the COMSOL Multiphysics to resolve the
forward problem. MATLAB will be used to run the Linear Back Projection Algorithm for image reconstruction.
Obtained images will be analysed and compared with the real phantom. Optimisation will be carried out if the obtained
images do not meet the desired result.
2.1 Study on Substance
A preliminary analysis of the substance in human brain concerning their behaviour is mandatory before modelling
is carried out. The brain plays a role as the most complex organ in the human body [16]. The MWT result is regulated
by the properties of dielectric properties for each material. This research comprises of many types of substance
including different type of solid and liquid which have different types of dielectric properties. As for that, it required
identification of each behaviour of substance according to its permittivity and conductivity. The high water content in
tumour tissues produces a high value of permittivity in comparison to normal tissues [16]. The permittivity value of
tumours tissue has approximately 14% higher value compared to those of normal tissues. In this study, the 2D brain
phantom with tumour was constructed with different layers of relative permittivity. The equation 1 given below shows
the relative complex permittivity of a lossy material which depends on the frequency of radiation [10].
(1)
The relative permittivity is defined by , followed by real relative permittivity, is the conductivity, is the
angular frequency, and is the free space permittivity.
2.2 MWTModelling in COMSOLMultiphysics
By referring to [10], a head phantom is constructed according to different thickness of the tissues. According to the
Zubal head phantom slide 36 [9], the brain size is approximately 150mm x 200mm. The average diameter for tumour
size are in range of 40mm, with a study of an elliptically shaped of tumour in range of 32mm x 40mm [16]-[20]. In the
process of evaluating the sensitivity of the system, it is required to study different location of the tumour. Since the
`
`
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tumour has the possibility to grow and spread at any places, the position is set at a different part of the brain. Whilst the
frequency plays a critical role in wave penetration, the simulation of frequency is applied at range of 0.5 GHz to 1.5
GHz as to figure out the suitable frequency for the desired result [21]-[26]. As for the radiation and thermal safety
[12],[24], the transmission power is applied at certain limited value which at maximum 1mW or 0dBm. For high
sensitivity and fast computation, the system is implemented with a minimum of eight rectangular patch electrode. The
Table 1 presents the simulation parameter while the values of permittivity and conductivity for normal brain tissue and
tumour tissue at 1 GHz is showed in Table 2.








Skin 5 41 0.89977
Skull 7 12 0.15566
Cerebral Spinal Fluid (CSF) 3 68 2.4552
Grey Matter - 52 0.98541
Tumour - 62.8 1.24
Table 2 - Dielectric properties of substance
Parameter Values
1 Number of electrodes 8
2 Power applied at electrodes 1mW [14]
3 Frequency 0.5 GHz to 1.5 GHz
4 Brain size 150mm x 200 mm [9]
5 Size of tumours Range of 32 mm x 40mm
6 Size of electrode (l x w) 40 mm x 10 mm
7 Position of tumours Left, Right, Center, Top, Bottom
8 Software simulation COMSOL Multiphysics
2.3 Modelling of the Sensor Array
The system will be constructed using 8 measurement channels with one of the electrodes functioning as a
transmitting antenna and the other seven as the receiving antennas [25]. Example of the modelling is shown in Fig. 1.
The performance of microwave tomography is obtained through simulating the 2D brain phantom by turning on each
antenna port accordingly. Each simulation requires only one transmitting antenna port to be powered on and the rest of
seven antenna ports will act as the receiving ports. Thus, there are eight simulations are required to be performed in
order to obtain the dataset of tumour inside 2D brain phantom. The position of tumour is constructed at different
positions inside the brain phantom as shown in Fig. 2. The value of scattered electric field received by the receiving
antenna port will be computed using Finite Element Method (FEM), the forward problem solver [10]. The interface of
COMSOL is as per Appendix B.
Fig. 1 - Modelling in COMSOL
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Fig. 2 - Position of the tumour, (a) Center; (b) Right; (c) Left; (d) Bottom; (e) Top
2.4 Image Reconstruction in MATLAB
The major output of the forward problem solver will be used to reconstruct the image in MATLAB. The value of
scattered electric field obtained from the simulation of 2D brain phantom in COMSOL will be used in image
reconstruction via MATLAB. The Linear Back projection (LBP) algorithm [22], is used to perform the image
reconstruction process of the 2D brain phantom. The LBP algorithm is based on the computation of the sensitivity maps
for every path projection [22],[23]. The pixel locations of the 2D brain phantom are defined for performing the process
of sensitivity maps for every path projection. All the elements of scattered electric data from 2D brain phantom are
added up in sensitivity map. The result will be divided by the pixel location of the sensitivity map. Next, the
multiplication process are performed between the previous result with the sensory loss and the maximum number of
color pixels used. The concentration profile of 2D brain phantom is obtained from a combination of scattered electric
field data projection for each antenna port with its computed sensitivity map [22]. The image of 2D brain phantom is
reconstructed based on the result of multiplication process.
3. Results and Discussions
The ranges of frequencies were studied to choose the best frequency in image reconstruction for brain tumour
detection. The Fig. 3 below observe the electric field scattered gather by each of the receiving antenna port and
compute the electric field strength obtained at receiving antenna port according to different frequency. Fig. 3 illustrates
the electric field for tumour placed at center side of the brain with different frequencies. The graph trend describe the
decrease pattern of electric field strength received by each receiving antenna port as the higher frequency were applied.
It is observed that the same trend allocates for all the tumour location including tumour placed at left, right, bottom and
top of the brain. The value of electric field strength received by the receiving antenna port were computed from the
electric field scattered through brain material. When frequency arises, its emit the higher energy to be absorbed by the
microwave and produced the higher attenuation within the material in the brain. Thus, the amount of electric field
accepted by the receiving antenna port will be reduced and perhaps the low image quality were generated. The
frequency of 0.5 GHz indicates the highest electric field strength followed by 1.0 GHz and 1.5 GHz. Since the value of
1.5 GHz almost equal to zero, the range of 0.5 GHz to 1 GHz can be conclude as the optimal value for brain imaging
[7]. In order to reconstruct the best image quality of brain tumour, 1 GHz is chosen as this frequency can resolve the
bigger objects [14].
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Fig. 3 - Electric field (V/m) for tumour at center side in different frequency
Based on Fig. 4, each tumour at a different position shows the different value of electric field strength received by
the receiving antenna port perspectively. The tumour at bottom and center side of the brain contribute the lowest and
the highest electric field strength received by each antenna port. The electric field strength value for the other tumour
placed at left, right, and top of the brain are in the medium range value. It shows that the amount of scattered electric
field propagates through antenna port were distinct at different tumour position. Hence, the result shows that
microwave tomography has the potentiality in determining the complex permittivity distribution of brain tumour from
the scattered electromagnetic field substance at a different position.
Fig. 4 - Electric field (V/m) at 1 GHz for different tumour position
Table 3 shows the reconstructed images for different tumour positions with three different frequencies covering 0.5
GHz, 1.0 GHz, and 1.5 GHz. It can be seen that the permittivity difference can be detected at 0.5 GHz and 1.0 GHz.
However, at 1.0 GHz, the tumour at the boundary i.e. top, bottom, left and right are more prominent in size in
comparison to 0.5 GHz. However, it is observed that there is a slight difference in size between the four tumour at the
boundary due to the inconsistent location of the tumour during the design stage in COMSOL. The distance between the
tumour and electrodes determines the amount of penetration depth of the electric field through the material. The image
reconstruction at the center produces good images at 0.5 GHz and 1.0 GHz. However, at 1.0 GHz, the image of the
brain tumour at the centre is found to be more accurate to the real phantom in size. The results were obtained as such
because when the frequency increases, the interaction between microwaves and the tissues in the brain become stronger
due to higher energy absorption. These phenomena lead to the strong scattering presentation within brain tissue and
allow electromagnetic waves to perform strong tumour detection. The reconstructed images at 1.5 GHz are the least
acceptable at all locations perhaps due to the high attenuation occurred through brain tissue which produces least signal
to be captured by the electrodes. Thus, the result of image reconstructed from 1.5 GHz were produced in poor quality.
The result in overall significantly shows that 1.0 GHz is the best frequency to be applied for the image reconstruction of
the brain tumour to obtain the images closest to the real phantom.
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The microwave tomography (MWT) technique is proven feasible to be used as early detection of brain tumour
through the determination of complex permittivity distribution. The 8-antenna MWT system was designed and
simulated in COMSOL Multiphysics and has solved the forward problem. At the backend, the LBP algorithm is used
on MATLAB for image reconstruction. The results shows most promising images at 1.0 GHz for all locations of
tumour i.e. left, right, centre, top and bottom in the human head phantom, in comparison to 0.5 GHz and 1.5 GHz. The
major contribution of this work is that the results can be used as early detection for further treatment to increase the
survival rate of patients who have brain tumour. Additionally, this new system is foreseen to be inexpensive and
portable that would highly benefit people with low income and those living in rural areas.
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